Contents by Eurosafe News
1
Num ber 7 2001
Contents
Contributions welcome; Editor .................... inside front cover
Grasslands news:
First key site chosen .......................  1
Informal conference.  .......................  1
2002 grasslands symposium ...................  1
Biological Survey of Canada website...............  1
Grasslands project action
Informal conference 2000 ....................  2
Grasslands project key site....................  3
Band-winged grasshoppers of the Canadian prairies ........  5
Mining the residues from grasslands sampling programs ......13
Web watch: the Alberta Prairie Conservation Forum ........14
Aerial fallout on a grassland reserve after fire ............15
Grassland site: Ross Lake Natural Area...............20
The effect of grassland fire on a prairie arthropod community....21
Recent publications .........................25
Notes on arthropods in grassland agroecosystems .........26
Mailing list for the grasslands newsletter...............27
Band-winged grass hop pers are
char ac ter is tic spe cies in the semi-arid 
grass lands of North Amer ica. Read
in ter est ing observations about these
spe cies on page 5
The Grasslands Newsletter of the Biological Survey of Canada (Terrestrial Arthropods) supports the Survey’s
grasslands project by providing information relevant to the study of grassland arthropods in Canada.
News let ter
Ar thro pods of Ca na dian
Grass landsArthropods of Canadian Grasslands
Contributions welcome
Please consider submitting items to the Grasslands Newsletter
Con tri bu tions such as these, as well as other items of in ter est to stu dents of grass lands and their ar  -
thro pods, are wel comed by the ed i tor. The News let ter ap pears an nu ally in March; fi nal copy dead  -
line is Feb ru ary 15.
Ed i tor:
H.V. Danks
Bi o log i cal Sur vey of Can ada 
(Ter res trial Ar thro pods)
Ca na dian Mu seum of Na ture
P.O. Box 3443, Sta tion “D”
Ot tawa, ON  K1P 6P4
613-566-4787 (tel.)
613-364-4021 (fax)
hdanks@mus-nature.ca
Ar ti cles with out other ac cred i ta tion are pre pared by the Ed i tor.
The web site of the Bi o log i cal Sur vey is at: http://www.bi ol ogy.ualberta.ca/esc.hp/bschome.htm 
Grassland site
descriptions
Current research -
project reports
Short news items Feature articles
Grassland species
accounts
Selected
publicationsNumber 7, 2001
1
Grass lands news
First key site chosen
In ad di tion to on go ing work in var i ous
places, the Sur vey plans to fo cus study in one key 
grass land site each year, to as cer tain its di ver sity,
ac quire spec i mens for study, en cour age ex change
of ideas, and so on. The first such site, Onefour
range in Al berta, is in tro duced on page 3.
2002 Grass lands sym po sium
One of the pro posed prod ucts of the Grass  -
lands Pro ject is a vol ume on eco log i cal or hab i  -
tat-based stud ies. This vol ume will in clude
chap ters on ar thro pod ecol ogy and di ver sity in
par tic u lar grass land hab i tats, and anal y ses of se  -
lected spe cies as sem blages or guilds, for ex am  -
ple. A for mal sym po sium on this theme is be ing
planned for the 2002 An nual Meet ing of the En to  -
mo log i cal So ci ety of Can ada in Win ni peg. Some
po ten tial sym po sium speak ers and chap ter au  -
thors have al ready been con tacted, and oth ers will 
be ap proached to fill out the vol ume. 
Any one who would like more in for ma tion
on the sym po sium or ecol ogy vol ume, es pe cially
those who would like to con trib ute chap ters,
should con tact Terry Wheeler
[wheeler@nrs.mcgill.ca] or Joe Shorthouse
[jshortho@nickel.lau ren tian.ca].
Bi o log i cal Sur vey of Can ada (Ter res trial Ar thro pods) website:
Grass lands pro ject
A sec tion of the Bi o log i cal Sur vey’s website
high lights the Grass lands Pro ject. The site cur  -
rently in cludes back ground in for ma tion on the pro  -
ject, all is sues of the Grass lands News let ter, and a 
sum mary of re search pro jects on grass land ar thro  -
pods. More in for ma tion will be added as the pro  -
ject pro gresses. 
The Bi o log i cal Sur vey website is at:
www.bi ol ogy.ualberta.ca/esc.hp/bschome.htm.
Fol low the ‘Ar thro pods of Ca na dian Grass lands’
menu item. 
Informal conference
The in for mal con fer ence on grass lands at the 
2000 joint en to mo log i cal so ci et ies’ meet ing in
Mon treal was suc cess ful in bring ing to gether a
range of pre sen ta tions and ideas about Ca na dian
grass lands and how to study them. For de tails see
page 2.Arthropods of Canadian Grasslands
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Grass lands pro ject action
In for mal Con fer ence on Ar thro pods of Grass lands (ESA/ESC/SEQ
Joint An nual Meet ing 2000)
Terry A. Wheeler
De part ment of Nat u ral Re source Sci ences, McGill Uni ver sity, Mac don ald Cam pus, Ste-Anne-de-Bellevue, QC,
H9X 3V9, wheeler@nrs.mcgill.ca
An In for mal Con fer ence en ti tled “Ar thro  -
pods of Grass lands: Cur rent Sta tus and Fu ture Di  -
rec tions” was held at the Joint An nual Meet ing of 
the En to mo log i cal So ci eties of Amer ica, Can ada
and Que bec in Mon treal in De cem ber 2000. The
pri mary goals of the ses sion were to up date some
of the on go ing re search pro jects as so ci ated with
the Grass lands Pro ject, to en cour age dis cus sion
about fu ture di rec tions and pos si ble in ter ac tions
be tween work ers, and to in form the broader en to  -
mo log i cal com mu nity about the Pro ject.
The con fer ence was or ga nized by Terry
Wheeler of McGill Uni ver sity and, con sid er ing
the early hour (8:00 a.m.) and the pre dict able pres  -
ence of sev eral con cur rent ses sions of great in ter  -
est to all in volved, the ses sion was well at tended,
with at ten dance peak ing dur ing the for mal pa pers
at 50 peo ple, many of whom stayed to par tic i pate
in the open dis cus sion fol low ing the pre sen ta  -
tions.
Kevin Floate (Ag ri cul ture and Agri-Food
Can ada, Lethbridge) opened the ses sion with an
ap pro pri ately broad talk en ti tled “Can ada’s Grass  -
lands”. Kevin out lined the great geo graphic range 
and di ver sity of grass land eco sys tems in Can ada
and dis cussed some of the hu man-mediated ef  -
fects on na tive grass lands. This pa per set the
stage for sub se quent talks on spe cific re search pro  -
jects.
Rob Roughley (Uni ver sity of Man i toba, Win  -
ni peg) pre sented a pa per co-authored with Darren
Pollock on “The use of fire as a biodiversity and
con ser va tion man age ment tool in tallgrass prai  -
ries”, which sum ma rized their on go ing re search
on the ef fects of pre scribed burns on bee tle di ver  -
sity in the tallgrass prai ries of south ern Man i toba.
Terry Wheeler (McGill Uni ver sity,
Ste-Anne-de-Bellevue), gave a talk en ti tled “Di  -
ver sity of Meromyza (Diptera: Chloropidae) in Ca  -
na dian na tive grass lands”. Col lec tions of this
abun dant ge nus across Can ada are show ing un ex  -
pected pat terns of di ver sity in dif fer ent grass land
hab i tats, with im pli ca tions for the dis tri bu tion and 
spe cies lim its of some well-known pest spe cies.
Andy Ham il ton (Ag ri cul ture and Agri-Food
Can ada, Ot tawa) closed the for mal part of the ses  -
sion with a talk on “Endemism and dis persal of
short-horned bugs (Homoptera:
Auchenorrhyncha) in Pa cific North west
intermontane grass lands”, which un der lined the
great po ten tial value of these in sects in re con struct  -
ing the his tory of grass land hab i tats.
The pre sen ta tions were fol lowed by a brief
sum mary of the his tory and pres ent struc ture of
the Grass lands Pro ject, and an open dis cus sion of
the sta tus and needs of the Pro ject. Some use ful
con crete sug ges tions came out of the dis cus sion,
which in cluded top ics such as cur rent re search, co  -
op er a tive ef fort and sam pling stan dards that will
re ap pear on the pages of this news let ter.Number 7, 2001
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Grasslands project key site 2001: Col lecting grass land ar thro pods in
Al berta 
Rob ert E. Roughley
Department of Entomology, University of Manitoba, Winnipeg, MB, R3T 2N2, rob_roughley@umanitoba.ca
At a re cent meet ing of the grass lands sub com  -
mit tee of the Bi o log i cal Sur vey of Can ada (Ter res  -
trial Ar thro pods), it was sug gested that we
or ga nize a se ries of field ex cur sions for en to mol o  -
gists with in ter ests in prai rie in sects and re lated ar  -
thro pods.  The main, long-term goal of these
gath er ings is to gen er ate col lec tions of prai rie ar  -
thro pods in se lected prai rie hab i tats that will help
to doc u ment their fauna.  We en cour age an ex  -
change and shar ing of in for ma tion about var i ous
tax o nomic groups, field tac tics, meth ods, tech  -
niques, ob ser va tions, and so cial in ter ac tion.  We
hope that it will al low stu dents and pro fes sion als
the op por tu nity to see tech niques and to ex change 
in for ma tion about prai rie in sects.  Over the next
few years, a dif fer ent field lo ca tion for these col  -
lect ing ex cur sions will be cho sen each year in a
dif fer ent kind of prai rie ecozone.
 The first of these will be in the southeast cor  -
ner of Al berta at Onefour, Al berta. The
Lethbridge Re search Cen tre has a sub sta tion
there.  Onefour is a 17,000 ha par cel of what Al  -
berta For estry, Lands and Wild life call the ‘dry
mixed grass’ ecoregion.  His torically, the land has 
been used only for graz ing, so could be con sid  -
ered to be in rel a tively pris tine con di tion.  The
area is unique in that it rep re sents the most north  -
erly dis tri bu tions of some spe cies in clud ing yucca 
plants and their pollinators. The south ern bound  -
ary of the prop erty is bounded by the Milk River
Val ley, which is the deep est val ley on the Ca na  -
dian prai ries and the sub sta tion is sur rounded by
‘bad lands’ coun try.  Southern Alberta showing the Onefour area
Photo by D. Johnson
What: Prai rie In sect Col lecting at Onefour, Al berta, sum mer, 2001
Where: Onefour, Al berta (sub sta tion of Lethbridge Ag ri cul ture and Agri-Food Can ada Re  -
search Sta tion)
When:  June 23- July 8, 2001 (or any part of that time that you can make it)
How:  Reg is ter (de tails be low), bring your camp ing and col lect ing gear and get busy!Arthropods of Canadian Grasslands
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The strat egy for the trip is to have a
two-week win dow of op por tu nity and the pro  -
posed dates are from June 23 to July 8, 2001.
Some peo ple would come for the en tire two-week 
pe riod and oth ers would use the Onefour re search
sta tion as a base of op er a tions with for ays to the
Cy press Hills and sur round ing ar eas, and still oth  -
ers might be able to visit only on the week end. At  -
ten dance would be open to any one with an
in ter est to learn about and col lect prai rie in sects.
How ever, reg is tra tion is man da tory.  
On the sub sta tion is a small laboratory that
would be suit able for sort ing and pro cess ing in  -
sect sam ples. We can setup mi cro scopes, Berlese
fun nels, etc. in this fa cil ity. Fur ther de tails will be 
pro vided to peo ple reg is tered for the field col lect  -
ing ex cur sion.
On site there is room for only 15 peo ple to
camp at one time. There are larger camp grounds
(e.g. Cy press Hills Pro vin cial Park, Milk River
Pro vin cial Park) more or less nearby.
The Milk River valley near Onefour
Photo by K. Floate
Please con tact:
Rob Roughley
De part ment of En to mol ogy
Uni ver sity of Man i toba
Win ni peg, MB R3T 2N2
Tele phone (204) 474-6023
Fax (204) 474-7628
e-mail rob_roughley@umanitoba.ca 
be fore June 1, 2001Number 7, 2001
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Band-winged grass hop pers of the Ca na dian
Prai ries and North ern Great Plains
Dan John son
Range land In sect Ecol o gist, Lethbridge Re search Cen tre, Agriculture and Agri-Food Canada, Box 3000,
Lethbridge, AB  T1J 4B1, JohnsonDL@em.agr.ca
 The band-winged grass hop pers (subfamily
Oedipodinae of the fam ily Acrididae; also re  -
ferred to as subfamily Locustinae, Tribe
Oedipodini) are a char ac ter is tic fea ture of
semi-arid grass lands in North Amer ica. These in  -
sects are gen er ally found in open short-grass prai  -
rie, and of ten fre quent rough ter rain, pre fer ring
bare or heavily eroded cliffs or sur faces (and even 
adopt ing sum mer fal low fields as choice ter ri  -
tory).
Their large, lobed hindwings, usu ally with
spots and bands, are fea tures that dis tin guish the
band-winged grass hop pers from the other grass  -
hop per subfamilies an a tom i cally. The hindwings
are also the ba sis on which many peo ple who are
not fa mil iar with in sect tax on omy can dis tin guish
the group by their be hav iour. Many spe cies of
band-winged grass hop pers snap the hindwings as
they fly (crep i ta tion) so loudly that they can be
heard across a pas ture or field. The red-winged
grass hop per (Arphia pseudonietana) is
well-known across Can ada for its star tle re ac tion,
ex plod ing in a red and black flash out of the grass 
ahead of a hiker and clacking loudly away. 
Al though the band-winged grass hop pers are
a co her ent group and clearly be long to gether, the
subfamily con tains ex treme di ver sity. While this
subfamily con tains mainly spe cies that are eco  -
nom i cally harm less (and should be dis tin guished
from other grass hop pers to avoid un jus ti fied con  -
trol ac tions), it also con tains the clear-winged
grass hop per (Camnula pellucida), among the
most dev as tat ing grass hop per pests in Can ada. In
fact, the old est ge nus of Oedipodinae is Lo cus ta,
the ul ti mate in dev as ta tion. Some band-wings are
small and even del i cate, like the light-weight Ki  -
owa range grass hop per (Trachyrhachys ki owa),
but the Oedipodinae is also home to the most mas  -
sive grass hop pers we have: the black-winged
grass hop per (Dissosteira carolina), red-shanked
grass hop per (Xanthippus corallipes latefasciatus), 
and three-banded range grass hop per (Hadrotettix
trifasciatus) all out weigh the two-striped grass hop  -
per (Melanoplus bivitattus), which holds the ti tle
in the subfamily Cyrtacanthacridinae
(spur-throated grass hop pers). The flash i est oc cur
in Oedipodinae, like the red wings of A.
pseudonietana men tioned above, or the nearly co  -
balt col our of the bluelegged grass hop perArthropods of Canadian Grasslands
6
(Metator pardalinus), but also some of the most
cryp tic. Most Ca na di ans have watched a
black-winged grass hop per (or “roadduster”) fly
lilt ing back and forth with large black and yel low
wings and then dis ap pear be fore the eyes as it
lands and fades into the ground. T. ki owa sit ting
and ab so lutely dis ap pear ing into the pat tern and
col our of a grey-green prai rie li chen tes ti fies to
millenia of life with grass land birds. 
 The fol low ing notes pro vide a brief look at
some of the band-winged grass hop pers that I have 
col lected and observed on grass land of Al berta
and Sas katch e wan. The list is not com plete, but I
have in cluded the more in ter est ing spe cies of
Oedipodinae (Locustinae) that would be seen by
col lec tors vis it ing sites such as the Na tional Wild  -
life Area at Suffield, AB, the Re search sub sta tion
at Onefour, AB, the Milk River val ley, or south  -
ern Al berta graz ing re serves.
(All col lec tions and pho to graphs are by D.
John son)
Aerochoreutes carlinianus (Thomas)  Carlinian snap per grass hop per
(= Circotettix carlinianus)   
This spe cies is one of the most in ter est ing to
be en coun tered, be cause of its very ac tive and
noisy be hav iour while dis play ing and de fend ing
ter ri tory. The males hover in flight over bare (usu  -
ally sun-warmed) ground, swoop ing and buzz ing
in ter mit tently. The breaks be tween each buzz are
some what tem per a ture de pend ent, but usu ally
about a half sec ond. They are so loud that a com  -
mon but un of fi cial name is rat tle snake grass hop  -
per. Their pref er ence for bare, rough and (un like
C. rabula be low) flat ter rain has caused them to
readily adopt sum mer fal low fields as prime hab i  -
tat for male dis plays. I have seen groups of hun  -
dreds spaced roughly 5 m apart buzz ing up and
down be tween about 1 and 8 m for much of a
warm af ter noon. They of ten sit and bask, wait ing
for a move by an other male, and then when it hap  -
pens, on cue all of the males within 50 m or so
will take to the air and buzz. They hover so close
to one spot that I have had no trou ble vid eo tap ing
this be hav iour. 
This grass hop per is nor mally gray to tan, but
I have found them in chalky pink and chalky blue
forms that seem best de scribed as pas tel. 
Fig. 1. Adult male
Arphia conspersa Scudder  Speckled range-land grass hop per 
This char coal-coloured grass hop per is com  -
mon on na tive short grass (for ex am ple, blue
grama, nee dle-and-thread and June grass), es pe  -
cially where sand ridges, dunes, bare ground and
small blow outs oc cur. It win ters as late nymphal
in stars that can be eas ily found when ever the
snowcover dis ap pears dur ing Jan u ary through
April. They be come adults early, usu ally in May,
and are mostly gone be fore the end of the sum  -
mer.Number 7, 2001
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Arphia pseudonietana (Thomas)  Red-winged grass hop per
I have al ready men tioned the loud crep i ta tion 
of this spe cies. Al though it looks like
A.conspersa, it overwinters in the egg and there  -
fore ap pears as late nymphal in stars in June, and
as adults in late sum mer. Both spe cies feed on
grass, and may pre fer wheatgrass.
Fig. 2. Adult female
Fig. 3. Red wing exposed
Camnula pellucida (Scudder) Clear-winged grasshopper
At one time this se ri ous pest of wheat and
bar ley was thought to be a strict graminovore, but
in re cent years it has ap peared as a sig nif i cant
pest of young ca no la plants. We found that al  -
though it will not feed on the leaves of saf flower,
it will nib ble the stem un der the head un til it nods
over, and thereby do more dam age to fi nal yield
than the more vo ra cious Melanoplus spe cies. This 
spe cies is com monly found hang ing dead on veg e  -
ta tion, in some cases with vis i ble co nidio phores
of fungi of the Entomophaga grylli com plex
(Entomophthorales: Entomophthoraceae). An out  -
break of this spe cies that cov ered much of Prai rie
Can ada was stopped by this fun gus in 1962.
No grass hop per spe cies in Can ada ex hib its
such ex treme fluc tu a tions in abun dance. The
clear-winged grass hop per went from dom i nance
in some sites in south ern Al berta, Sas katch e wan
and B.C. in 1984, to be ing an en dan gered spe cies
by 1993-4 when we found only a few spec i mens
in col lec tions that to talled well over 15,000 grass  -
hop pers (John son and An drews, un pub lished). In
the same years, it ac counted for an out break in
north ern re gions (for ex am ple, Peace River,
Fig. 4. Male and femaleArthropods of Canadian Grasslands
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Cache Creek, Dawson Creek). This is the only
grass hop per I have seen that has mass mat ings so
thick that they can be seen from sev eral hun dred
m, in which sev eral males may be si mul ta neously
at tempt ing to cop u late with a fe male.
Chortophaga viridifasciata (DeGeer)  North ern green-stripe grass hop per
Al though never abun dant, it is usu ally pos si  -
ble to find one of these very green grass hop pers
on a hike in grass land in April or May. They
overwinter as nymphs, one of about seven spe cies 
that do so. The keeled shape of the pronotum and
the small dots of other colours make it a beau ti ful
in sect. 
Circotettix rabula Rehn and Hebard Wrangler grasshopper
This an gu lar and bugged-eyed spe cies is the
most seem ingly ag gres sive grass hop per, dif fi cult
to ap proach for a photo but not eas ily scared off ei  -
ther. They will ac tu ally charge a col lec tor, pass to 
the side, and come back to re claim the ter ri tory.
They can be cap tured with a net snapped quickly
down with ten sion, but rarely by nor mal sweep  -
ing. 
Fig. 5. Greenish male form
Fig. 6. Male resting
Fig. 7. Male sitting in observing/basking spotNumber 7, 2001
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Cratypedes neglectus (Thomas)  Pronotal range grass hop per
This is an other crepitating grass hop per that never be comes very abun dant, and can some times be
heard be fore it is seen. 
Dissosteira carolina (Linnaeus)  Black-winged grass hop per 
This very large and fa mil iar grass hop per oc  -
curs right across Can ada and the north ern U.S.,
and can be found in most hab i tats that have dry,
bare ground. They ap pear to be very sen si tive to
soil type and weather. In Al berta they ap pear in
large num bers (I have seen 40 per sq. m.) only
when sev eral years in a row have a dry spring,
and then only in cer tain ar eas. Else where typ i cal
den si ties are around one per 10 sq. m. We have
found this spe cies to be an ex cel lent lab an i mal
(mean ing that it has good sur vival in a cage and
seems to feed and grow nor mally).
Fig. 8. Pair in copulo
Encoptolophus costalis (Scudder)  West ern clouded grass hop per 
This is an other good ex am ple of the changes
that can oc cur in spe cies com po si tion. E. costalis
seems to pre fer slightly moist con di tions, and I
have ob served it feed ing on forbs. It was a com  -
mon early hatch ing spe cies in Al berta un til the
hot, dry pe riod that so en cour aged the
melanoplines. Now it is very rare.
Hadrotettix trifasciatus (Say)  Three-banded range grass hop per 
 There are two ways to cam ou flage, to match 
the back ground col our or to break up the out line.
H. trifasciatus takes the sec ond ap proach and
does it very well. When this grass hop per lands
and sits at rest, the bars on the fe mur and tegmen
line up per fectly to make a stripe that can cels the
grass hop per shape. 
Fig. 9. Adult fe male alight ing and clos ing the band
pat ternArthropods of Canadian Grasslands
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Metator pardalinus (Saussure)  Bluelegged grass hop per 
This was once a com mon grassfeeder on na  -
tive and semi-native pas tures in south ern Al berta,
but like many band-winged grass hop pers it be  -
came rare dur ing the wet years, 1991-99. Dur ing
the drought of 2000 it quickly made a come back
at sites such as Onefour and Lost River, AB. The
blue of the leg of this grass hop per is as bright and 
strik ing as any I have seen on bee tles.
Fig. 10. Adult male
Spharagemon collare (Scudder)  Mot tled sand grass hop per 
This spe cies is sim i lar to S. equale, but not as well de fined. It is as so ci ated with sandy grass land and
feeds on grasses.
Spharagemon equale (Say)  Bar ren ground grass hop per
I would chose this spe cies for the of fi cial Al  -
berta grass hop per if there were such a con test. It
is a beau ti ful in sect that thrives in dry con di tions,
in creas ing in both prom i nence and abun dance as
oth ers drop out due to ex treme drought or heat. It
is a com mon grass hop per that can be col lected in
the south east cor ner of the prov ince, but also oc  -
curs in most of the short grass of the south ern re  -
gion. It has been re ported to feed on cru ci fers, but 
I have found both forb and grass re mains in the
gut of this spe cies. It is a very good flier, and its
rel a tive abun dance can be un der es ti mated by us  -
ing a stan dard ized, in flex i ble sweep-sampling
method. 
Fig. 11. Adult maleNumber 7, 2001
11
Trachyrhachys k. ki owa (Thomas) 
Ki owa range grass hop per
This lovely lit tle grass hop per has a head that
seems too big for the body, and a line of fringe
hairs on the fe mur so that you can never go wrong 
iden ti fy ing it. This is a help ful fea ture, be cause it
oc curs in colours from pas tel green to tan to gray.
Fig. 12. Brown adult male and green fe male 
(col our is not de ter mined by sex)
Trimerotropis spe cies 
Trimerotropis spe cies are fas ci nat ing in that some of them have such spe cific hab i tat pref er ences that 
one can look at a land scape and see where to go to find a par tic u lar spe cies. I will il lus trate their ap pear  -
ance with only one spe cies, and leave the group for a sep a rate de scrip tion an other time, as it de serves.
Trimerotropis suffusa Scudder 
Crack ling for est grass hop per
I se lected this spe cies to il lus trate be cause it
is un usual in that it is a for est spe cies that in hab its 
grassy al pine mead ows but also moves out on to 
the plains. I re al ized this only af ter chas ing them
down in un ex pected places (they are fast and hard 
to catch).
Other spe cies are:
Trimerotropis agrestis McNeill 
Toothed field grass hop per 
Trimerotropis campestris McNeill 
Campestral grass hop per
Trimerotropis latifasciata Scudder 
Broad-banded grass hop per
Trimerotropis pallidipennis sa lina McNeill 
Al ka line pal lid-winged grass hop per 
Trimerotropis pistrinaria Saussure 
Bar ren lands grass hop per 
Trimerotropis sparsa (Thomas) 
Great ba sin grass hop per 
Trimerotropis sordida E.M.Walker 
Walker’s dingy grass hop per 
Trimerotropis verruculata (W.Kirby) 
Cracker grass hop per 
Fig. 13. Adult male found fly ing back and forth be tween 
sub al pine grass meadow and edge of wooded areaArthropods of Canadian Grasslands
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Xanthippus corallipes latefasciatus (Scudder) Red-shanked grass hop per 
This spe cies is our larg est grass hop per, and
looks al most the size of a wren while fly ing. It
overwinters as a toad-like nymph (which is of ten
heavily par a sit ized by flies, as shown by T.
Danyk in my lab) and ma tures quickly in the
spring. I have seen these grass hop pers im paled on 
barbed wire or on prickly pear cac tus, ap par ently
by shrikes. We have also found them to be a com  -
mon con stit u ent of coy ote dung in spring and
early sum mer, and the hind femora and tegmina
are com mon re fuse around the holes of bur row ing 
owls, or be neath posts used by kes trels.
Fig. 14. Fifth-instar fe male sit ting on snow in March
Se lected ref er ences
I rec om mend the fol low ing ref er ences for
any one who would like to iden tify and read fur  -
ther about this group:
Brooks, A.R. 1958. Acridoidea of south ern Al berta,
Sas katch e wan, and Man i toba (Orthoptera).
Canadian Entomologist Supplement 9: 3-32.
Otte, D. 1984. The North Amer i can Grass hop pers.
Vol. 2. Oedipodinae. Har vard Univ. Press,
Cam bridge, MA. 366 pp.
Vickery, V.R. and D.K. McE. Kevan. 1986. The
in sects and arach nids of Can ada. Part 14. The
grass hop pers, crick ets and re lated in sects of
Can ada and ad ja cent re gions. Ulonota: Dermaptera, 
Cheleutoptera, Notoptera, Dictyoptera, Grylloptera
and Orthoptera. Agriculture Can ada Publication
1777. 918 pp.
[Pro duc tion of this ar ti cle with col our illustrations was
sup ported by a con tri bu tion from the au thor’s
ed u ca tional fund, ad min is tered at the Uni ver sity of
Lethbridge and the Lethbridge Re search Cen tre.]
Fact file
The prai rie grass land of North Amer ica is char ac ter  -
ized by rel a tively lim ited rain fall, rang ing from about 100
cm at the for ested east ern edge to less than 30 cm at
the west ern edge. On the plains, May and June are the
months with the great est amounts of pre cip i ta tion, and
about 40% of the an nual to tal falls as snow dur ing the
win ter. Closer to the Cor dil lera, due to Chi nooks, the du  -
ra tion and the depth of snow cover are re duced. At
Lethbridge, for ex am ple, snow depths greater than 25
cm are rare even with an an nual snow fall of 140 cm. Number 7, 2001
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Buried trea sure: Mining the res i dues from
grass land sam pling pro grams
Terry Wheeler 
De part ment of Nat u ral Re source Sci ences, McGill Uni ver sity, Mac don ald Cam pus, Ste-Anne-de-Bellevue, QC,
H9X 3V9 (wheeler@nrs.mcgill.ca)
Res i dues from in sect sam pling pro grams are
both a bless ing and a curse. They are a source of
large num bers of tax o nom i cally and eco log i cally
valu able spec i mens from re gions and hab i tats that 
a par tic u lar spe cial ist might not have the op por tu  -
nity to visit, but lo cat ing, sort ing, pro cess ing and
stor ing those res i dues can cre ate lo gis tic and fi nan  -
cial night mares. The Grass lands Pro ject has al  -
ready gen er ated, and will con tinue to gen er ate,
large num bers of res i dues con tain ing spec i mens
of in ter est to most col lab o ra tors in the pro ject.
This note is a pre lim i nary at tempt to es tab  -
lish a res i due net work for the Grass lands Pro ject
that will al low us to de rive the max i mum ben e fit
from our col lect ing ef forts, while min i miz ing the
amount of valu able ma te rial that is lost or over  -
looked. Some ground work will be re quired be fore 
this ef fort can be come a re al ity, and the main pur  -
pose of this note is to so licit the in put from the
com mu nity that will lay that ground work. Sev eral 
ques tions need to be ad dressed:
Who are the col lec tors? 
If those who al ready have res i dues from
grass land sam pling pro grams, or are plan ning to
ac quire them, con tact me (a short email is fine, I
can then fol low up with a list of ques tions), I will
gen er ate a list of po ten tial par tic i pants and
sources of ma te rial. This list can then be ex  -
panded into a da ta base that will pro vide the in for  -
ma tion needed to an swer the sub se quent
ques tions.
Who is equipped to deal with res i dues?
Many peo ple col lect us ing trap meth ods that
gen er ate large vol umes of ma te rial, but lack the
fund ing, per son nel or fa cil i ties to deal with the res  -
i dues be yond ex tract ing their own taxa of in ter est. 
Oth ers are equipped to deal with res i dues if the
sam ples find their way to them. We need to es tab  -
lish who is in each of these cat e go ries. In put and
sug ges tions would be ap pre ci ated.
Where are the res i dues?
The an swers to the first ques tion will par  -
tially deal with this one as well. How ever, it will
be use ful to know where the bulk of the ma te rial
is, and in ap prox i mately what quan ti ties. There
are a few more cen tral ized stor age ar eas, like the
Ca na dian Na tional Col lec tion, but many work ers
have smaller res i due col lec tions from in di vid ual
pro jects. In for ma tion on the cur rent lo ca tion of
res i dues, and the lo cal ity and col lect ing method of 
the ma te rial, will be nec es sary to build a use ful da  -
ta base of res i dues.
What is be ing ex tracted?
We can as sume that each col lec tor will ex  -
tract their own taxa of in ter est first from res i dues.
Co or di nating ef forts to ex tract other taxa will
save a lot of sort ing work in the long run. Is there
a way to com bine sort ing ef forts to ex tract, for ex  -
am ple, all Diptera at the same time, for sub se  -
quent rout ing to spe cial ists? Should we try to
en sure that del i cate in sects are re moved be fore
the sam ples reach peo ple who po ten tially can use
harsh tech niques to re trieve their spec i mens (bee  -
tles, for ex am ple)? 
How will the net work be mon i tored? 
Two prob lems with a sort ing net work are
that res i dues are eas ily lost in the sys tem and that
it of ten takes peo ple a long time to deal with the
ma te rial. In or der for this net work to work on a
large scale, it will have to be mon i tored. Per haps
the sim plest ap proach would be to as sign an iden ti  -
fi ca tion code to each batch of res i dues be fore it en  -
ters the sys tem; this code could be trans mit ted toArthropods of Canadian Grasslands
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the per son or in sti tu tion mon i tor ing the net work,
and they could then track the ma te rial. As each
batch moves through the co op er at ing lab o ra to ries, 
the mon i tor could be in formed and the ma te rial
tracked. If FedEx can do this, surely a group of
sys tema tists can man age it. An email list would
serve the pur pose well, and al low more im me di ate 
con tact than an an nual or semi-annual news let ter.
Using this sys tem, we can also iden tify lab o ra to  -
ries where res i dues are be ing held up from time to 
time, and route the rest around that node un til ev  -
ery thing is caught up.
Where will the res i dues be stored? 
Proper stor age is al ways an is sue with res i  -
dues. Un like iden ti fied and curated ma te rial, res i  -
dues tend to spend more time in po ten tially
leak ing whirlpaks or con tain ers that may al low al  -
co hol to evap o rate, and with fad ing la bels. We
should endeavour to fol low at least min i mal stan  -
dards for la bel ling and stor ing res i dues while they 
are ac tively in the net work. There is also the is sue 
of long-term stor age for res i dues that are not ac  -
tive. Is it fea si ble to try to es tab lish a few cen tral  -
ized lo ca tions where res i dues can be re frig er ated,
and mon i tored from time to time to en sure that
they are not de te ri o rat ing? These lo ca tions might
also be a log i cal place to de cide when a par tic u lar
set of res i dues has been mined to the point that it
is no lon ger worth stor ing.
Any one with thoughts on the res i due is sue,
or with an swers to any or all of the above ques  -
tions should con tact Terry Wheeler
(wheeler@nrs.mcgill.ca).
Web watch: The Al berta Prai rie Con ser va tion
Forum
 http://www.albertapcf.ab.ca
K.D. Floate 
Lethbridge Research Centre, Agriculture and Agri-Food Canada, Box 3000, Lethbridge, AB  T1J 4B1,
floatek@em.agr.ca
The Al berta Prai rie Con ser va tion Fo rum is a
vol un tary co ali tion of about 40 or ga ni za tions
whose mem bers are in ter ested in the con ser va tion 
of na tive prai rie and park land en vi ron ments in Al  -
berta.  The three broad ob jec tives of the PCF are:  
1) to de velop and im ple ment broad strat e gies and
fo cused ini tia tives for con serv ing na tive prai rie
eco sys tems,  2) to en cour age in for ma tion ex  -
change among mem ber or ga ni za tions and,  3) to
raise pub lic aware ness of man age ment is sues per  -
tain ing to prai rie land scapes, hab i tats and spe cies.  
The PCF is cur rently host ing a vote to elect a pro  -
vin cial grass with the ‘win ning’ spe cies be ing an  -
nounced in April.
The PCF typ i cally meets
three times a year (Jan u ary,
May-June, and Sep tem ber) in
var i ous lo ca tions within prai  -
rie and park land Al berta.  All
meet ings are open to the pub  -
lic.  De tailed in for ma tion on
the Fo rum, its mem ber ship, its 
past ac com plish ments and cur  -
rent ini tia tives is on the
Internet at: 
http://www.albertapcf.ab.ca/ Number 7, 2001
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Ae rial fall out on a grass land re serve af ter fire
G.G.E. Scudder
De pt  of Zo ol ogy and Cen tre for Biodiversity Re search, Uni ver sity of Brit ish Co lum bia, Van cou ver, B.C. V6T 1Z4
Ab stract. Ae rial fall out was mea sured by yel  -
low pan-trap col lec tors on the Haynes Lease Eco  -
log i cal Re serve near Osoyoos, Brit ish Co lum bia
im me di ately fol low ing fire that dev as tated the veg  -
e ta tion in 1993. The fall out was re corded at a rate
of 1.766 bil lion in sects/sq. km/24 hrs. It con tained 
no rare spe cies, and con sti tuted a pi o neer ae olian
com mu nity, sub ject to pre da tion by other mo bile
in vad ers.
In tro duc tion. The Haynes Lease Eco log i cal Re  -
serve, ad ja cent to the north end of Osoyoos Lake,
6 km NNW of Osoyoos, Brit ish Co lum bia, at
49°05¢N 119°31¢W, is a 101 ha tract of land
within the hot, dry subzone of the Bunchgrass
biogeoclimatic zone in the South ern In te rior of
the prov ince (Meidinger and Pojar 1991). The
sandy ter races which make up the bulk of the re  -
serve sup ported three com mu ni ties, which over
the past 100 years have been greatly in flu enced
by live stock graz ing. These three com mu ni ties
were (i) sand drop seed (Sporobolus cryptandrus
(Torr.) A. Gray) – prickly pear cac tus (Opuntia
fragilis (Nutt.) Haus.) – cheatgrass (Bromus
tectorum L.), (ii) an te lope brush (Purshia
tridentata (Pursh.) DC) – sand drop seed – red
three-awn (Aristida longiseta Stend.) – nee  -
dle-and-thread grass (Stipa comata Trin. & Rupr.) 
and (iii) Pon der osa pine (Pinus pon der osa
Dougl.) – an te lope brush.
Five com mu ni ties, mostly of lim ited ex tent,
have been re ported on the rocky slopes and sum  -
mit of Throne Moun tain. Small benches, es pe  -
cially the “seat” of the “throne”, from which the
moun tain gets its name, have been in ac ces si ble to
cat tle and thus sup port es sen tially pris tine com mu  -
ni ties dom i nated by bluebunch wheatgrass
(Elymus spicatus (Pursh.) Gould) and al kali blue  -
grass (Poa secunda J.S. Presl.), or pon der osa pine 
– bluebunch wheatgrass.
Shrubby  thick ets dom i nated by su mac (Rhus 
glabra L.), poi son ivy (Rhus radicans L.), and
mock-orange (Philadelphus lewisi Pursh.) oc cur
on ta lus slopes at the foot of the moun tain. The
lower ri par ian parts of the re serve, bor der ing
Osoyoos Lake, are dom i nated by Scirpus.
The re serve was es tab lished in 1980 to pro  -
tect an ex am ple of the near-natural com mu ni ties
of the Bunchgrass eco sys tem. At the time of des ig  -
na tion it was noted that the re serve pro vided hab i  -
tat for many rare spe cies. These in clude Red
(en dan gered or threat ened) or Blue (vul ner a ble)
pro vin cially listed spe cies, plus spe cies listed as at 
risk by the Com mit tee on the Sta tus of En dan  -
gered Wild life in Can ada (COSEWIC). Most note  -
wor thy were the pal lid bat (Antrozous pallidus
(LeConte)), pocket mouse (Perognathus parvus
(Peale)), west ern har vest mouse
(Reithrodontomys megalotis (Baird)) and
Nuttall’s cottontail (Sylvilagus nuttalli
(Bachman)) among the mam mals, the Can yon
wren (Catherpes mexicanus (Swainson)), sage
thrasher (Oreoscoptes montanus (Townsend)) and 
bur row ing owl (Athene cunicularia (Molina))
among the birds, and the Great Ba sin spade foot
toad (Scaphiopus intermontanus (Cope)) among
the Amphibia; the bur row ing owl is now ex tir  -
pated in the area. In the ar thro pods, some 29 rare
spe cies have been re corded on the re serve, in clud  -
ing the north ern bo real scor pion (Paruroctonus
boreus (Gi rard)), the sun-spider (Eremobates glad  -
i o lus Muma) and the na tive mantid (Litaneutria
mi nor (Scudder)). At least 13 rare plants have
also been re corded on the re serve.
The Haynes Lease Eco log i cal Re serve was
con sid ered to prob a bly har bour in to tal, more rare 
plants, ver te brates and in ver te brates than any
other eco log i cal re serve in the prov ince. Cov er ing 
101 ha, it is the larg est pro tected area of the en dan  -
gered an te lope-brush com mu nity in the South
Okanagan, and has been sub ject to in ten sive study Arthropods of Canadian Grasslands
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by many sci en tists over the years. In deed, in ten  -
sive pit fall trap sam pling of ground-dwelling ar  -
thro pods had been car ried out for sev eral years,
and so the gen eral char ac ter is tics of this fauna
were known.
In the mid dle of this pit fall trap re search, a
fire of un known cause swept through the re serve
at noon on July 9, 1993. Be cause the re serve had
been ungrazed by live stock for some 13 years,
there was con sid er able ac cu mu la tion of dry
ground lit ter. As a re sult, the fire burned fast and
hot. In fact, the poly vi nyl chlo ride plas tic trap cov  -
ers over the pit fall traps were melted at the edges.
By 1500 hrs. on July 9, al most all the veg e ta  -
tion on the sandy ar eas of re serve had been de  -
stroyed, along with most of the res i dent fauna.
Most of the scat tered pon der osa pine trees were
killed and have sub se quently fallen down, and vir  -
tu ally all of the an te lope brush was con sumed.
The sur face of the re serve, af ter the fire, was es  -
sen tially bare sand, cov ered in patches with
charred plant de bris.
In the end, the ma jor ity of the sandy benches 
on the re serve were burnt, to gether with much of
the ad ja cent graz ing lease to the west, which orig i  -
nally had sim i lar veg e ta tion. How ever, be cause
the graz ing lease had lit tle dry lit ter ac cu mu lated
on the ground, the fire was less in tense, and more
shrubs sur vived.
For tu nately, fire-fighters from the BC Min is  -
try of For ests were able to put a fire-break
through the graz ing lease, and so part of this re  -
mained un burnt. Un for tu nately, only a small area
(5m x 30m) of an te lope-brush com mu nity on the
re serve was saved.
Im me di ately af ter the fire, a study of
recolonization of the re serve was ini ti ated. This 
paper re ports on a study on the ae rial fall-out on
the re serve and the ad ja cent graz ing lease dur ing
the first four weeks fol low ing the fire. Dur ing this 
pe riod, the bunchgrasses started to shoot, so pro  -
vid ing the first veg e ta tion avail able for col o ni za  -
tion.
Ma te rial and Methods. Fol low ing re ceipt of a
per mit to con duct re search on the re serve (re ceived by
fax on July 14, 1993), 12 pan traps were set up in the
north and south parts of the flat area of the re serve at
352-357 m el e va tion, and within 210-370 m of the
rock and ta lus slopes to the east. Three pairs of traps
were set up at in ter vals across the width of this part of
the re serve, so as to cover the whole area in both the
north and south. In the north ern transect the first pair
of traps was 70 m from the rock cliffs, and then other
pairs were at ap prox i mately 160 m in ter vals. In the
south ern transect, the first pair was 25 m from the
rocks, and oth ers then at ap prox i mately 75 m in ter vals. 
Si mul ta neously, 5 pan traps were also set up in both
the burnt and un burnt parts of the graz ing lease at
349-351 m el e va tion, 20 m apart, and within 800 m of
the re serve. The north ern and south ern transects on the
re serve and the trap se ries on the burnt and un burnt
parts of the graz ing lease were some 750 m apart.
Pan traps were 298 mm x 235 mm x 38 mm
(11¾" x 9¼" x 1½") EZ Foil
®Brand alu mi num Cas se  -
role/La sa gna Pans (EZ Por
®, Di vi sion of Packing Cor  -
po ra tion of Amer ica, Wheeling, Il li nois), sprayed with
Hol land Yel low Rust Coat Gloss Enamel. They were
placed on the ground, and filled al most to the brim
with sat u rated road salt so lu tion, to which a few drops
of de ter gent were added.
The pan trap re sults re ported herein were from 24 
hr. sam ples taken af ter an ini tial 12 hrs. sam pling pe  -
riod. The trap ping pe riod for the pres ent re sults was
from 1900 hr. one day, to the same time the next day,
with trap ping at weekly in ter vals. The sam ple dates
were July 16-17, July 22-23, Au gust 5-6 and Au gust
12-13, 1993. The first trap ping pe riod was one week af  -
ter the fire, and al ready at this time, the tufts of
bunchgrass were ev i dent as bright green spots across
the land scape. By July 16, the bunchgrass tufts were
some 5 cm high.
The weather was fine dur ing most of the sam  -
pling pe ri ods, with max i mum tem per a tures as fol lows:
July 11-17 25°C, July 22-23 20°C, Au gust 5-6 35°C
and Au gust 12-13 35°C. There was 3 hrs. of rain on
Au gust 13. No traps were dis turbed dur ing the sam ple
pe riod, but the traps had to be topped up around noon
be cause of ex ces sive evap o ra tion.
Trap con tents were fil tered through a fine-mesh
ny lon net, and then pre served in 70% eth a nol for laterNumber 7, 2001
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study. Sub se quently, all ar thro pods were counted and
iden ti fied to or der and fam ily (where pos si ble). All
Heteroptera were iden ti fied to spe cies, and all sam ples
were sur veyed for the pres ence of rare spe cies listed by 
Scudder (1994).
To tal num bers for each trap were re corded and
pan-trap to tals av er aged for the burnt re serve, and
burnt and un burnt ar eas of the graz ing lease. The av er  -
ages per trap (sur face area 700.3 sq. cm) were then mul  -
ti plied to five fig ures for fall-out per km
2/day.
Per cent age com po si tion of the catches was also cal cu  -
lated.
Re sults. Fig. 1 re cords the ae rial fall-out on the
burnt re serve, and the burnt and un burnt parts of
the graz ing lease dur ing the 4 sam ple pe ri ods. The 
high est fall-out on the re serve was re corded on
July 22-23, when the rate was cal cu lated at 1.768
bil lion/sq. km/24 hrs. The fall-out in both the
burnt and un burnt parts of the ad ja cent graz ing
lease was also high est at this sam pling pe riod.
The pooled data for the sam ple pe ri ods (Fig.
2) showed that aphids dom i nated the fall-out on
the re serve, whereas on the burnt and un burnt
parts of the graz ing lease, Hymenoptera were the
dom i nant el e ment in the fall-out. Diptera con sti  -
tuted about the same per cent age on all three sites,
but were the sec ond high est com po nent on the
burnt re serve, and on the un burnt part of the graz  -
ing lease. The burnt area of the graz ing lease had
aphids as the sec ond most com mon com po nent.
Other Hemiptera were mi nor com po nents at all
three sites.
None of the spe cies trapped be longed to spe  -
cies con sid ered rare in the area. All ap pear to be
com mon, widely dis trib uted, of ten pi o neer col o  -
niz ing spe cies. The lygaeid Nysius niger Baker
was the most com mon heteropteran in ter cepted.
Dis cus sion. There have been sev eral sim i lar
stud ies on ar thro pod ae rial fall-out; many of these 
were sum ma rized by Ed wards (1987). Col lec  -
tively these stud ies pro vide a quan ti fi able in dex
of the im mense bio mass of wind-borne ar thro  -
pods, be they dispersers, mi grants or accidentals.
The sam ple data pro vide a mea sure of the re cruit  -
ment of ar thro pod pop u la tions to a wide variety of 
eco sys tems.
In par tic u lar, Ed wards and Sugg (1993) have 
shown that over 140 ar thro pod fam i lies from 17
or ders were rep re sented in the fall-out at
1000-1200 m el e va tion on Mount St. Hel ens in
the first 5 years fol low ing the ma jor erup tion in
May 1980. Frag ments or whole Diptera,
Hymenoptera and Homoptera pre dom i nated in the 
fall-out sam ples. The fall-out col lec tors were 0.1
m
2 wooden frames con tain ing a sin gle layer of
close-packed uni form spheres (usu ally golf balls). 
Ed wards and Sugg (1993) cal cu lated that ar thro  -
pod fall-out was as high as 18 mg/m
2/day. On
Mount St. Hel ens, there was no veg e ta tion in the
study area, other than a few short-lived seed lings
and very lo cal ized patches of moss. The prin ci pal
source of ma te rial for the fall-out was the dis tant
fer tile low lands to the west, which con sisted of ag  -
ri cul tural land and a mo saic of for ested and
logged ar eas, al though the nearby mar gins of the
Pum ice Plain pro vided some hab i tat for a di verse
ar thro pod fauna.
Thorn ton et al. (1988) stud ied air-borne ar  -
thro pod fall-out on Anak Krakatau in 1985. This
is land suf fered a ster il iz ing erup tion in 1952, and
an other se verely dam ag ing one in 1972: over 90% 
of the is land con sists of bare ash and lava.
Sea-water-filled square white plas tic pan-traps
were uti lized as col lec tors, and were placed at 2-8 
m above sea level on lava flows partly cov ered by 
ash. Diptera far out num bered other or ders in the
fall-out, with more than twice as many in di vid u als 
as the sec ond most com mon group, the
Coleoptera. Of the other or ders, only
Hymenoptera, Orthoptera, Hemiptera and
Araneae reached dou ble fig ures.
Thorn ton et al. (1988) found that fall-out
amounted to about 20 in di vid u als per square
metre per day. Ex trap o la tion sug gested an up per
limit for the 2.34 km
2 area of Anak Krakatau of
50 mil lion per day, or some 21.38 mil lion/ km
2/24 
hrs. The main source of col o nists was likely the
veg e tated is lands to the south west, namely Rakata 
4 km to the south, and Sertung about the same dis  -
tance to the west. The site cho sen for study min i  -Arthropods of Canadian Grasslands
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mized the like li hood that trapped ar thro pods were 
from Anak Krakatau’s own veg e ta tion, which oc  -
curs on the north and east fore lands, and con sists
of grass land within which there are a few ca sua  -
rinas (Thorn ton 1996).
The ex tremely high fall-out re corded on the
Haynes Lease Eco log i cal Re serve, and the ad ja  -
cent graz ing lease, is sev eral or ders of mag ni tude
higher than re ported in pre vi ous stud ies, and no
doubt is re lated to the close prox im ity of sources.
These un doubt edly were the un burnt grass land
and shrub-steppe hab i tats within 500 m. Pre  -
vailing winds dur ing the sam pling pe riod were
mostly upslope from An te lope brush, Great Ba sin
Sage (Ar te mi sia tridentata Nutt.) com mu ni ties, ag  -
ri cul tural lands and ri par ian ar eas downslope.
Trap col our can mark edly af fect catch, and it 
is well known that yel low col oured traps are par  -
tic u larly at trac tive to aphids and other in sects
(Ken nedy et al. 1961; Prokopy and Owens 1978;
Kieckhefer et al. 1976; Hardie 1989), al though
not all aphid spe cies are equally sen si tive to yel  -
low (Eastop 1955; Heath cote 1957). Nev er the less, 
the fact that fresh green bunchgrass shoots were
pres ent through out the pan-trapping pe riod means 
that such col oured trap ping is not to tally with out
con text.
The mag ni tude of the fall-out mea sured in
this study, like pre vi ous stud ies, in di cates that the
first com mu nity es tab lished in de nuded hab i tats is 
an ae olian one (Ed wards 1987; Thorn ton et al.
1988). The ear li est true res i dents are de pend ent
on ae olian de bris for their sur vival, not the
photosynthetic plants in situ. The ear li est
dispersers to the Haynes Lease Eco log i cal Re  -
serve were pred a tory wasps (Vespula sp.) and
Say’s Phoebe (Sayornis saya (Bonaparte)). Co in ci  -
dent pit fall trap ping re search also showed that
carabid bee tles and spi ders were the first per ma  -
nent in hab it ants (Scudder, un pub lished).
Ac knowl edge ments. This re search was sup  -
ported by grants from the Nat u ral Sci ences and En gi  -
neering Re search Coun cil of Can ada. BC Parks kindly
pro vided per mits to al low stud ies in the Haynes Lease
Eco log i cal Re serve. I thank my wife and daugh ter for
their help.
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Grass land site: Ross Lake Nat u ral Area
K.D. Floate 
Lethbridge Re search Cen tre, Ag ri cul ture and Agri-Food Can ada, Box 3000, Lethbridge, AB  T1J 4B1,
floatek@em.agr.ca
The Ross Lake Nat u ral Area (RLNA) is
1,943 hect ares of rel a tively pris tine foot hill grass  -
lands lo cated ap prox i mately 60 km south of
Lethbridge, AB.  Foot hill grass lands oc cur at rel a  -
tively high el e va tions re sult ing in warmer win ters, 
long cool sum mers and more pre cip i ta tion than
nor mally ex pected in grass land hab i tats.  El e va  -
tions at RLNA range from 1220 to 1700+ m, with 
av er age Jan u ary and July tem per a tures of about 8
and 19 
oC, re spec tively.  Av er age an nual pre cip i ta  -
tion is about 430 mm.
The lo cal land scape is di verse with gla cial
mo raines, outwash fea tures, coulees and swales. 
Up land ar eas are drained by two main streams
with seeps and springs in sev eral lo ca tions.  Wa  -
ter is held be hind dams on these streams with ad di  -
tional stand ing wa ter in dug outs and in
de pres sions that fill with wa ter in the spring.  The
lat ter usu ally are dry by late sum mer.  Grazing by
cat tle has  caused ex ten sive dis rup tion of na tive
plant com mu ni ties in coulee bot toms.  How ever,
plant com mu ni ties on up land ar eas re main in tact.  
Un der pro vin cial leg is la tion, graz ing at RLNA is
still per mit ted, but now is man aged to re store and
(or) main tain the na tive veg e ta tion.
The dom i nant veg e ta tion type is fes cue grass  -
land with a lesser rep re sen ta tion of mixed grass
and forb meadow, sage prai rie, graminoid
meadow, and shrub thick ets.  More than 220 spe  -
cies of plants are pres ent in clud ing montane spe  -
cies such as pe ren nial lu pine, Lupinus sericeus,
sticky pur ple ge ra nium, Ge ra nium viscosissimum, 
and com mon yar row, Achillea millefolium.  Of
par tic u lar in ter est are the rare plant spe cies
thoroughwax, Bupleurum americanum, tufted
hymenopappus, Hymenopappus filifolius, nod ding 
microseris, Microseris nutans, and harefooted lo  -
co weed, Oxytropis lagopus.
Sur veys at RLNA in the 1980’s iden ti fied 83 
spe cies of birds and 31 spe cies of mam mals at or
likely to visit the site, in clud ing a rel a tively sub  -
stan tial pop u la tion of badg ers.  Such pop u la tions
are be com ing in creas ingly rare in grass land hab i  -
tats.  Sys tem atic sur veys of ar thro pods have yet to 
be per formed.
Spe cial fea tures of RLNA in clude bi son wal  -
lows, teepee rings, and a group of un usu ally large
er rat ics – boul ders de pos ited far from their points
of or i gin by gla cial move ment.  
De tails of RLNA are pro vided in a 1986 re  -
port, ti tled “Bio phys i cal fea tures and land use.
Ross Lake. Can di date Eco log i cal Re serve”, by G.
Brown, E. Gas ser and P. McIsaac, sub mit ted to Al  -
berta Rec re ation and Parks.
Fig ure 1.  Gla cial mo raine in Ross Lake Nat u ral Area. 
Photo by K. Floate
Fig ure 2.  Bal sam root (Balsamorhiza sagittata) and
sticky pur ple ge ra nium (Ge ra nium viscosissimum) in
May at Ross Lake Nat u ral Area.  Photo by K. FloateNumber 7, 2001
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The ef fect of a grass land fire on a prai rie
ar thro pod com mu nity
Ka trina M. White
Dept. of Bi o log i cal Sci ences, Uni ver sity of Lethbridge, Lethbridge, AB T1K 3M4
ka trina.white@uleth.ca
Sum mary. The pur pose of the study pre sented
here was to ex am ine the ef fect of a grass land fire
on the trophic struc ture of a prai rie ar thro pod com  -
mu nity. For this pur pose spec i mens were iden ti  -
fied to the fam ily level, for clas si fi ca tion as
her bi vore, pred a tor, or parasitoid. The in tent of
this ar ti cle is to pro vide an over view of the dif fer  -
ences in abun dance on burned and un burned sites. 
This work does not rep re sent a sur vey of
biodiversity, but rather a sum mary of what hap  -
pened to over all ar thro pod abun dance fol low ing a 
prai rie fire. The spec i mens col lected in this study
are from an area not pre vi ously sur veyed so in ten  -
sively, and the col lec tions are still avail able for
spe cies level clas si fi ca tion.
In tro duc tion. Fire is a com mon form of dis tur  -
bance that af fects com mu ni ties of prai rie ar thro  -
pods (Rice 1932; Nagel 1973; An der son et al.
1989; re viewed by War ren et al. 1987). How ever,
due to var i ous fac tors, in clud ing the tim ing and in  -
ten sity of burn, lit tle prog ress has been achieved
in un der stand ing the gen er al ity
of these ef fects in dif fer ent com  -
mu ni ties. This is an im por tant
short com ing, con sid er ing the
role of fire in main tain ing prai rie 
biodiversity. 
Here, I sum ma rize the re  -
sults of a study that ad dressed
the ef fects of a grass land fire on
a com mu nity of prai rie ar thro  -
pods in west ern Can ada. In par  -
tic u lar, I asked “What was the
ef fect of this fire on the to tal
abun dance and fam ily rich ness?" 
This re search was per formed as
part of the re quire ments of a
M.Sc. the sis at the Uni ver sity of Lethbridge. 
Methods. On De cem ber 13, 1997 a wild fire swept
across the prai rie in the foot hills of south ern Al berta.
Ap prox i mately 200 square ki lo me ters of prai rie were
burned in an area that had not ex pe ri enced a fire for at
least 20 years (Fig. 1).  The af fected area is part of the
foot hills fes cue nat u ral sub re gion. Strong (1992) re  -
ports that soils in this re gion are dark brown and black
chernozems, pre cip i ta tion var ies from 400 to 480 mm
per an num, and that the dom i nant grasses are rough fes  -
cue (Fes tu ca campestris), Idaho fes cue (F. idahoensis), 
sedges (Carex spp.) and West ern wheat grass
(Agropyron smithii). To as sess the ef fects of this fire
on prai rie ar thro pods, two study plots (Site 1, Site 2)
were set up in the Por cu pine Hills, south west of the
town of Granum (Fig. 1). Site 1 was ap prox i mately 19
km N of Brock et, Al berta (49￿43¢N 113￿45¢W), at an
el e va tion of 1410 m. Site 2 was ap prox i mately 18 km
NNW of Brock et, (49￿41¢N 113￿54¢W), at an el e va tion 
of 1350 m.
Ar thro pods were col lected us ing pit fall traps and
pantraps. A pit fall trap con sisted of two nested, 450 ml 
Figure 1. Map of the area burned in southern Alberta Canada (Dec. 1997).
The locations of study sites 1 and 2 are indicated.Arthropods of Canadian Grasslands
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plas tic cups (9 cm in di am e ter at lip) sunk in the
ground so that the lip of the top cup was level with the
sub strate. Traps were cov ered with a gray-white, 15
cm square ce ramic tile, sup ported 2.5 cm over the trap
by four gal va nized nails. The cups were half-filled
with 50% eth yl ene gly col. Pantraps were alu mi num
food trays (22.5x15x5 cm) which were painted yel low
(RGB col our scale: 250, 200, 0) to in crease trap rates.
The pans were laid level on the ground and filled to ap  -
prox i mately 2cm depth with 90% eth yl ene gly col.
Pantraps were also cov ered with 30 x 30 cm chicken
wire mesh to pre vent large ver te brates from drink ing
the eth yl ene gly col. Ser vicing of the traps and pro cess  -
ing of the spec i mens fol lowed stan dard pro to cols (Mar  -
tin, 1978).
I sam pled along the south ern edge of the Granum
burn, com par ing ad ja cent re gions on and off the burn.
The edge of the burn was ac tu ally the fire break that
was ploughed at the time of the fire. Four transect lines 
were set up at each site, per pen dic u lar to the fire break
(ap prox i mately 2.5 to 3 m wide) and po si tioned 25m
apart. The mid-point in the width of the fire break was
treated as the cen ter point for the transects. Sam pling
sta tions were po si tioned at 10 and 50 m from the cen  -
ter point on both the un burned (con trol) side of each
transect and the burned side.
At each sam pling sta tion, three pit falls and three
pantraps were laid in a 2 m di am e ter cir cle (al ter nat ing
trap type) around a cen ter stake. Sam ples from the six
traps at each sta tion were pooled. Ar thro pod col lec  -
tions were re solved to the level of site, burn treat ment,
dis tance from burn edge, and date. In 1998, the traps
were laid out on 6 July at Site 1 and 11 July at Site 2.
At Site 1, all traps were emp tied and re set on July 10,
15, and 18. Traps at Site 2 were emp tied and re set on
July 15, 18, and 22. All traps were re set on Au gust 6,
then emp tied and re set on Au gust 10, 14, and 18. Traps 
were re moved for the win ter then re set on July 8, 1999
and emp tied and re set on July 12, 16, and 20. By lim it  -
ing sam pling to these re stricted pe ri ods, sea sonal dif fer  -
ences in ar thro pod taxa largely were elim i nated as a
con found ing fac tor. Also, col lec tion and pro cess ing of
a greater num ber of sam ples was pos si ble, which in  -
creased the prob a bil ity of de tect ing sub tle dif fer ences
be tween treat ments.
Veg e ta tion mea sure ments were made on Au gust
13, 1998 and Au gust 19, 1999. Per cent cover of com  -
mon plant spe cies was es ti mated us ing a 1m
2 quadrat.
These mea sure ments were made at each trap, cen ter ing 
the quadrat over the trap. This al lowed a view of the
microhabitat struc ture im me di ately sur round ing each
trap. Mean height es ti mates were made us ing a me ter
stick. Cat tle were ex cluded from the two sites dur ing
the study to elim i nate graz ing as a con found ing fac tor.
Most individuals were counted and iden ti fied to
the fam ily level. Ar thro pods from the or ders
Phalangida, Chilopoda, and Thysanoptera were not
keyed to fam ily but, with ex cep tion of Thysanoptera,
were rare. Only anal y ses of abun dance by or der are re  -
ported here. Spec i men iden ti fi ca tions were con firmed
by com par i son with known spec i mens and with the
help of tech ni cians at the Strick land Mu seum, Uni ver  -
sity of Al berta and at the Pro vin cial Mu seum of Al  -
berta.
Sam ples from all pit falls and pantraps at each dis  -
tance were pooled for each four-day sam pling pe riod,
and a mean was cal cu lated for all sam pling dates. Dif  -
fer ences be tween veg e ta tion mea sure ments and taxon
abun dances on the un burned and burned prai rie were
an a lyzed us ing Wilcoxon/Kruskal Wallis tests. Data
were an a lyzed us ing JMP® (v4.0, 2000). Vari a tions
due to site, year, burn treat ment, and dis tance were an a  -
lyzed with mixed-model ANOVA. To tal ar thro pod
abun dance and fam ily rich ness were the re sponse vari  -
ables mea sured and were trans formed to nor mal ity us  -
ing Box Cox trans for ma tions. Fam ily rich ness was
mea sured as the to tal num ber of taxa (fam ily for all but 
four or ders not keyed to fam ily) that oc curred in each
sam ple. The mean abun dances of each or der were cal  -
cu lated us ing all of the 1998 sam ples. How ever, be  -
cause sam ples were not col lected in Au gust 1999, only 
the July sam ples from 1998 were used in the ANOVA
anal y ses to make the two years com pa ra ble. Least
square means were plot ted for the high est or der in ter ac  -
tions in which vari ables were sig nif i cantly in volved. A
pos te ri ori dif fer ences be tween treat ment means were
as sessed us ing Tukey-Kramer HSD tests (P=0.05).
Re sults. Ap prox i mately 120,000 in di vid ual spec  -
i mens were col lected in July of 1998 and 1999,
from 137 taxa. Ap prox i mately 62,000 and 58,000
spec i mens, re spec tively, were col lected from un  -
burned and burned prai rie. In 1998 the per cent
cover of veg e ta tion was 17.3 % less on the burn
than on the un burned prai rie (Ta ble 1; Wilcoxon
test, c
2 = 145.44, P < 0.0001). In 1999, the veg e ta  -
tion cover on the burn was 8.9 % lower than that
on the un burned prai rie (Ta ble 1; Wilcoxon test,
c
2 = 105.56, P < 0.0001).
The ef fect of burn ing var ied by taxa and year 
(Ta ble 2). In 1998, many taxa showed no sig nif i  -
cant dif fer ence in abun dance be tween burned andNumber 7, 2001
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un burned treat ments (e.g. Diptera, Heteroptera).
How ever, some taxa were more abun dant on the
un burned prai rie (e.g. Homoptera, Lepidoptera),
whereas Thysanoptera were more abun dant on the 
burned prai rie. In 1999, fewer taxa showed sig nif i  -
cant dif fer ences be tween burned and un burned
treat ments. How ever, the Phalangida, Araneae
and Neuroptera were more abun dant on the un  -
burned prai rie, and the Orthoptera were more
abun dant on the burned area.
To tal abun dance was af fected by a 3-way in  -
ter ac tion in volv ing site, year, and treat ment. At
Site 1, there was no dif fer ence in to tal abun dance
be tween burned and un burned prai rie in 1998 or
1999 (Fig. 2). How ever, the abun dance at Site 1
was higher in 1999 than in 1998 (Fig. 2). At Site
2, there was no dif fer ence be tween to tal abun  -
dance on and off the burn in 1998 or 1999 (Fig.
2).
Mean fam ily rich ness was af fected by a
2-way in ter ac tion be tween site and treat ment, and
also by year. Fam ily rich ness was the same on
both un burned and burned prai rie at Site 1 (Fig.
3a). At Site 2, the fam ily rich ness was sig nif i  -
cantly higher on the un burned prai rie than on the
burned prai rie (Fig. 3a). Fam ily rich ness was also
sig nif i cantly higher in 1999 than it was in 1998
(Fig. 3b).
Dis cus sion. Re sults from this study was con sis  -
tent with re sults from pre vi ous stud ies (Cancelado 
and Yonke 1970; War ren et al. 1987; An der son et 
al. 1989) that showed fire to have a var ied ef fect
on the abun dance and rich ness of ar thro pod taxa.
This var ied re sponse is likely due to a num ber of
fac tors. The tim ing and rate of burn ing can
greatly af fect how fires will af fect given in sect
groups (Reed 1997). Life his tory may also in flu  -
ence how a fire will af fect ar thro pod taxa; e.g. pu  -
pae overwintering in the soil are less likely to be
af fected by a win ter burn than eggs overwintering 
on veg e ta tion (Algren 1974).
To tal abun dance and fam ily rich ness were
sig nif i cantly af fected by com bi na tions of year,
site, and burn treat ment. This study shows that
there are many fac tors that in flu ence the abun  -
dance and rich ness of ar thro pods in prai rie com  -
Figure 3. Relationship between family richness and a)
treatment at each site, and b) year. Means +/- one
standard error are given. Letters indicate groups of
means that are not significantly different from each other
(Tukey-Kramer HSD test, P<0.05).
Figure 2. Relationship between total abundance and
treatment on Sites 1 and 2 in each year (1998 and
1999). Means +/- one standard error are given. Letters
indicate groups of means that are not significantly
different from each other (Tukey-Kramer HSD test.
P<0.05)Arthropods of Canadian Grasslands
24
mu ni ties. The area stud ied, the year, and the
ef fects of dis tur bance all had an im pact on this
grass land ar thro pod com mu nity. Fac tors such as
these are what make find ing gen er al ity among
stud ies deal ing with ar thro pod re sponses to dis tur  -
bance dif fi cult.
Con ser va tion of biodiversity is a pop u lar
topic in com mu nity ecol ogy (e.g. Morowitz 1991; 
Ehrlich 1992; Tilman 1999) and the search for
man age ment prac tices that al low pres er va tion of
the high est di ver sity is just be gin ning. This study
in di cates that it is dif fi cult to de ter mine how com  -
mon man age ment prac tices af fect ar thro pod com  -
mu ni ties and that gen er al ity is dif fi cult to at tain
with out ex ten sive ef fort. The best ap proach may
be to con serve ar thro pod di ver sity in di rectly, by
us ing fires to man age the as so ci ated plant com mu  -
ni ties, whose re sponse to fire is eas ier to pre dict.
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Ta ble 1. Per cent cover and di ver sity of veg e ta tion on un burned and burned prai rie in 1998 and 1999. 
Rank means (% or D/sta tion) ± 1 SE are given. P val ues are Bonferroni-corrected.
Mea sure ment Un burned Burned Wilcoxon test sta tis tics
% cover – 1998 96.69± 1.00 68.18 ± 1.25 c
2 = 39.92  P < 0.0004
% cover – 1999 93.57 ± 1.06 78.23 ± 0.86 c
2 = 105.56  P < 0.0004
Di ver sity – 1998 0.18 ± 0.014 0.51 ± 0.014 c
2 = 126.15  P < 0.0004
Di ver sity – 1999 0.24 ± 0.014 0.32 ± 0.018 c
2 = 6.03  P = 0.056Number 7, 2001
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Ta ble 2. Mean abun dance of all or ders col lected on un burned and burned prai rie in 1998 and
1999. * in di cates sig nif i cant dif fer ence be tween burned and un burned rank means in each year
(Wilcoxon test, P < 0.05). P val ues were Bonferroni cor rected, for each year com par i son.
Fam ily
Un burned
1998
n=94
Burned
1998
n=141
P<
.05
Un burned
1999
n=44
Burned
1999
n=66
P<
.05
Acarina 4.24±0.92 0.13±0.04 * 0.27±0.07 0.16±0.10
Phalangida 5.10±0.51 4.90±0.72 0.42±0.07 0.17±0.04 *
Araneae 12.16±1.39 4.97±0.59 * 3.16±0.39 1.59±0.18 *
Diptera 146.73±5.77 146.11±4.84 40.24±2.27 37.26±1.53
Hymenoptera 125.3±19.61 166.9±23.33 24.18±3.43 25.70±2.57
Homoptera 86.44±3.18 67.78±2.79 * 34.77±4.08 30.72±7.09
Heteroptera 4.03±0.31 5.48±0.36 0.64±0.11 1.02±0.15
Lepidoptera  18.73±0.26 8.26±0.45 * 5.36±0.42 6.15±0.76
Coleoptera 5.95±0.46 7.76±0.44 0.62±0.04 1.99±0.30
Neuroptera 8.36±1.67 1.40±0.82 * 0.66±0.11 0.23±0.03 *
Thysanoptera 57.71±5.95 100.91±8.29 * 24.62±1.94 27.17±1.77
Collembola 2.71±0.53 0.60±0.13 * 0.77±0.42 0.13±0.03
Orthoptera 7.78±0.56 9.01±0.51 1.00±0.16 2.70±0.38 *
Strepsiptera 0.15±0.06 0.03±0.01 0.03±0.01 0.01±0.00
Chilopoda 0.00 0.04±0.02 0.00 0.01±0.01
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Pi lot Anal y sis of Global Eco sys tems
(PAGE): Grass land Eco sys tems sum ma rizes key
find ings about the con di tion of the world’s grass  -
lands, as well as the qual ity and avail abil ity of
data. Among the con di tions and trends iden ti fied
are the fol low ing:
• Grass lands cover some 40 per cent of the earth’s
sur face (ex clud ing Green land and Antarctica). 
• Of 136 ter res trial ecoregions iden ti fied as
out stand ing ex am ples of the world’s di verse
eco sys tems, 35 are grass lands, sup port ing some of
the most im por tant grass land biodiversity. 
• The five coun tries with the larg est grass land ar eas
are Aus tra lia, the Rus sian Fed er a tion, China, the
United States, and Can ada. 
• Grass lands are found most com monly in semi-arid
zones (28 per cent of the world’s grass lands),
fol lowed by hu mid (23 per cent), cold (20 per cent),
and arid zones (19 per cent). 
• Tem per ate grass lands, sa van nas, and shrublands
have ex pe ri enced heavy con ver sion to ag ri cul ture,
more so than other grass land types in clud ing
trop i cal and sub trop i cal grass lands, sa van nas, and
wood lands.
For many other de tails, see the re port, which
is avail able also on the web at
http://www.wri.org/wr2000/grass lands_page.htmlArthropods of Canadian Grasslands
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Notes on ar thro pods in grass land
agroecosystems
K.D. Floate 
Lethbridge Re search Cen tre, Ag ri cul ture and Agri-Food Can ada, Box 3000, Lethbridge, AB  T1J 4B1,
floatek@em.agr.ca
Re searchers re cently re ported two new spe  -
cies of pest in sects in Can ada’s grass land
agroecosystems, and have re ported pop u la tions of 
two other pest, or po ten tial pest, spe cies on the
rise. In for ma tion on these spe cies is sum ma rized
be low to gen er ate aware ness of spe cies of par tic u  -
lar in ter est in grass land agroecosystems.
The cab bage seedpod wee vil, Ceutorhynchus 
obstrictus (Marsham), is spe cific to cru ci fers, in  -
clud ing ca no la, brown mus tard, wild mus tard, cab  -
bage and flix weed.  It was first col lected in North
Amer ica near Van cou ver in 1931, with pop u la  -
tions be ing es tab lished in the BC in te rior since the 
1930s. It was first de tected on the prai ries in 1995 
when a larva was re cov ered near Lethbridge. The
wee vil has rap idly in creased in abun dance to be  -
come a ma jor pest of ca no la crops in south ern Al  -
berta. It is ex pected to spread through out the
ca no la grow ing re gions of Can ada.
The pea leaf wee vil, Sitona lineatus (L.), is a 
se ri ous pest of pea and other le gumes in the
United States and Eu rope. Prior to 1997, it was
known in Can ada only from the south ern in te rior
of Brit ish Co lum bia. In 2000, adults were re cov  -
ered from sev eral fields in south ern Al berta where 
they were ob served feed ing on pea seed lings. The 
po ten tial for this wee vil to af fect Al berta’s ex  -
pand ing pulse crop in dus try is un known.
Pop u la tions of wheat stem sawfly, Cephus
cinctus Norton, have in creased dra mat i cally in
south ern Al berta since 1998, with up to 90 per  -
cent dam age to wheat stems ob served in some
fields. Lar val feed ing within stems can re duce
yields from 5-15 per cent and de creases grain qual  -
ity. Stems gir dled by ma ture lar vae are sus cep ti  -
ble to lodg ing, fur ther re duc ing yields.
Pop u la tions of wheat head armyworm,
Faronta diffusa Walker, in creased 10-fold in
south ern Al berta from 1999 to 2000. Al though
this in crease did not war rant con trol mea sures, it
has raised aware ness of the spe cies as a po ten tial
pest. Larvae crawl par tially into wheat heads to
feed on de vel op ing ker nels from mid-July to late
Au gust.
Pop u la tions of wheat stem sawfly and wheat
head armyworm likely have ben e fit ted from the
warm, dry con di tions of re cent years. Adop tion of 
re duced till ing meth ods also likely fa vors sur vival 
of these spe cies. Be cause no pes ti cides have been
reg is tered for con trol of ei ther pest, re search on
their nat u ral en e mies may be of par tic u lar in ter est.
For more in for ma tion con tact:
Cab bage seedpod wee vil: 
H. Cárcamo, Ag ri cul ture and Agri-Food
Can ada, tel: (403) 317-2247; 
L. Dosdall, Al berta Ag ri cul ture, Food and
Ru ral De vel op ment, tel: (780) 422-4911 
Pea leaf wee vil: 
Mike Clawson, Al berta Ag ri cul ture, Food and
Ru ral De vel op ment, tel: (403) 381-5237
Wheat stem sawfly: 
Brian Beres, Ag ri cul ture and Agri-Food
Can ada, tel: (403) 317-2251
Wheat head armyworm: 
Dan John son, Ag ri cul ture and Agri-Food
Can ada, tel: (403) 317-2214Number 7, 2001
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